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Abstract 
A cooperative calibration was carried out by ASTM Task Group C01.23.01 as part 'of an 
effort to assess the use of X-ray diffraction analysis for determining the proportion of tri-
calcium aluminate (cubic and orthorhombic), tetracalcium aluminoferrite, and magnesium 
oxide in portland cement and clinker. That calibration, including statistical analysis to 
determine precision and bias, was described in an earlier report. Since that previous re-
POI4 some additional data have been submitted and the statistical analysis repeated. The 
subsequent analysis showed that the calibration precision were improved, though only 
slightly., 'With these additional data. Based on this statistical analysis, repeatability and re-
producibility levels may be specified for analysis of these 4 phases in unknown mixtures 
prepared from the same materials. Replicate analyses in the same laboratory should dif-
fer by no more than 1.1 % (relative to the total clinker) [the previous level was also 
1.1 %]. Replicate analyses in different laboratories should differ by no more than 1.7% 
(relative to the total clinker) [the previous level was 1.8%]. Overall, analyses should dif-
fer from the known value by no more than 1.7% (relative to the total clinker). The mea-
sured values differ from the known values by less than the reproducibility standard devi-
ation, so there appears to be no bias in these results. 
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1. Introduction 
ASTM: Task Group C01.23.01 is currently working to develop a proposed test method to 
determine the proportion of various phases in portland cement and clinker using quanti-
tative X-ray diffraction (QXRD) analysis. The Thsk Group, currently chaired by Leslie 
Struble~ recently completed a cooperative calibration and analysis for four phases in ce-
ment and clinker: cubic and orthorhombic tricalcium aluminate (C3Al), tetracalcium alu-
minoferrite (C~), and magnesium oxide (MgO). Results of that cooperative calibra-
tion, including precision and bias levels for the test method, were described in a previous 
report (Struble and Kanare, 1989). 
Recently, some additional data have been submitted for the cooperative calibration. 
Therefore all data, including these additional data, have been statistically analyzed to de-
termine precision and bias levels; that analysis is the subject of this second report. 
2. Participants 
Altogether., ten 1a boratories participated in the cooperative calibration and analysis. 
These laboratories are listed in Appendix 1. This report refers to all results by laboratory 
number to provide anonymity. 
3. Results 
Three sets of new data are included in this present report. One is from a laboratory that 
did not participate in the previous report (designated Laboratory 10). One is a revised 
set fron1 Laboratory 7; original data submitted by this laboratory were not used in the 
previous statistical analysis because replicate values were not provided, but the revised 
data include replicate values for each determination. The third set is also revised data, 
submitted after one of the original participating laboratories (Laboratory 1) later decided 
to repeat the analysis. PJI the indi\~duaI results are listed in A-ppendix 2. All data includ-
ing these three new sets are summarized graphically in Figs. 1 through 4. 
1. The foI1owing abbreviations (common in the cement and concrete literature) are used: C for CaO, A 
for AI203, F for Fe203, and S for SiOl· 
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Figure 1. Results from QXRD analysis of orthorhombic C3A shovving actual 
"alues (lines) and measured values (symbols) for both unknowns. 
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Figure 2. Results from QXRD analysis of cubic C3A showing the actual val-
ues (lines) and measured values (symbols) for both unkno\VIls. 
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Figure 3. Results from QXRD analysis of C~ showing actual values 
(lines) and measured values (symbols) for both unknowns. 
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Figure 4. Results from QXRD analysis of MgO showing actual values (lines) 
and measured values (symbols) for both unknowns. 
In the previous statistical analysis, two sets of data were not included because they did not 
include replicate values (Laboratories 4 and 7). A..s noted above, replicate data have now 
been provided for one (Laboratory 7). However, when repeating the statistical analysis it 
\vas decided to include the other set (Laboratory 4) in the determination of between-la-
boratory variation~ though not in the determination of within-laboratory variation. 
The results were analyzed statistically to estimate precision and bias following the proce-
dure described in ASTM E 691 (as was also done for the previous report). Details of the 
statistical analysis are presented in Appendix 3 and results are summarized in Table 1. As 
in the previous report, results in Table 1 are expressed as a percent of a hypothetical 
starting clinker, whereas results in Appendices 2 and 3 are expressed as a percent of the 
mixture of the four phases (this mixture was considered to represent 17 percent of the hy-
pothetical clinker). This analysis did not include Laboratory 3 because results from Lab-
oratory 3 'were previously found to exceed the critical values of the consistency statistics 
(Struble and Kanare, 1989). 
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The measured values agree well with the known values (Table 1). (It should be noted that 
the known values in the previous report were calculated incorrectly; values in the present 
report have been corrected, and therefore differ slightly from those previous values). In 
every case the measured values agree with the known values by well within the reproduc-
ibility standard deviation (SR in Table 1). Thus there appears to be no bias in these re-
sults. 
Table 1. Summary of Statistical Analysis 
(percent of clinker) 
Standard Devi- 95% Limit 
arion 
Phase Unknown Average Mea- Known sra SRb ~ Rd Number sured Value Value' 
orthorhom bic C3A 1 0.45 0.00 0.42 0.81 1.17 2.25 
2 1.53 1.19 0.33 0.85 0.93 2.38 
cubic C3A 1 3.56 3.40 0.18 0.41 0.50 1.14 
2 10.60 10.71 0.56 1.15 1.57 3.22 
C4AF 1 9.58 9.86 0.77 0.81 2.16 2.26 
2 4.25 4.42 0.43 0.46 1.19 1.28 
MgO 1 3.62 3.74 0.26 0.25 0.73 0.70 
2 0.73 0.68 0.09 0.13 0.25 0.38 
arepeatability (within-laboratory) standard deviation 
breproducibility (between-laboratory) standard deviation 
Crepeatability limit (2.8 times sr) 
drcproducibil ity limit (2.8 times SR) 
The estimated levels of repeatability standard deviation (within-laboratory standard devi-
ation, Sr in Table 1) allow us to estimate the overall repeatability expected for this analy-
sis. Instead of Sn we use the limit for 95 percent repeatability (r in Table 1, 2.8 times sr)' 
This parameter ranged from 0.25 to 2.16 and averaged 1.1 percent for the 8 phases 
tested, the same value determined in the previous statistical analysis. Likewise, the esti-
mated levels of reproducibility (between-laboratory standard deviation, SR in Table 1) 
and the limit for 95 percent reproducibility (R in Table 1) indicate the overall reproduc-
ibility expected for this analysis. The 95 percent reproducibility ranged from 0.38 to 3.22 
and averaged 1.7 percent for the 8 phases tested, slightly lower than the average of 1.8 
percent determined in the previous statistical analysis. The higher value of these two pa-
rameters (r or R), in this case the 95 percent reproducibility value of 1.7 percent, provides 
a measure of precision for this analysis. 
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The next effort of Task Group C01.23.01 is an interlaboratory analysis for the proportions 
of cubic C3A, orthorhombic C3A, C4AF, and MgO in a set of standard clinker samples. 
This analysis utilizes results of the cooperative calibration described in this present re-
port. The interlaboratory analysis is current1y underway. 
4. Conclusions 
A cooperative calibration and analysis were carried out and reported previously for quan-
titative X-ray diffraction determination of the proportions of cubic C3A, orthorhombic 
CA C4AF, and MgO in portland cement clinker. Subsequently, additional data have 
been submitted and a new statistical analysis has been performed. This new statistical 
analysis indicates greater repeatability and reproducibility than did the previous analysis. 
Based on these results, the following repeatability and reproducibility levels may be speci-
fied for analysis of these phases in mixtures of phases used for the calibration: 
1. Replicate analyses in the same laboratory should differ by no more 
than 1.1 % (relative to the total clinker). 
2. Replicate analyses in different laboratories should differ by no more 
than 1.7% (relative to the total clinker). 
3. Analyses should differ from the known value by no more than 1.7% 
(relative to the total clinker). 
4. The measured values differ from the known values by less than the 
reproducibility standard deviation, so there appears to be no bias in 
these results. 
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1. LABORATORIES PARTICIPATING IN THE COOPERATIVE CALIBRA-
TION 
LD.Adams 
Southwestern Portland Cement 
PO Box 937 
Victorville, CA 93292 
H. Chen 
Canada Cement Lafarge Ltd. Research Center 
6150 Royalmount 
Montreal, Quebec, CANADA 
J.T. Conway 
Santee Cement Company 
PO Box 698 
Holly HIll, SC 29059 
Dr. R. Davies 
Council for Scientific and Industrial Research 
National Building Research Institute 
PO Box 395 
Pretoria 0001 
SOUTIIAFRICA 
S. DeHayesIP. Hawkins 
CaLMat Co. 
PO Box 947 
Colton, CA 92324 
w. Gutteridge 
British Cement Association 
Wexham Springs 
Slough, UK 
H. KanarelF. Tang 
CTL, inc.. 
5420 Old Orchard Road 
Skokie., II... 60077 
L Keller 
Camet Research Inc. 
318 Twlefth St. 
Santa Moruca, CA 90402 
G. McPherson 
HallibwtoD Services 
PO Box 1431 
Dun~ OK 73536 
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2. SUMMARY OF RESULTS 
2.1 Laboratory No.1 
2.1.1 Specified Method 
Internal standard: Ti02, NIST SRM 674 
Mixing method: Bleuler mill, 1.7600 g mixture and 0.2400 g Ti02 
Instument: computerized diffractometer 
Peaks (°28) for eu Ka: 
orthorhombic C:0: 20.2 
cubic C~ 21.8 
c~: 12.2 
MgO: 42.9 
Peak intensities: measured by computer 
Table 2-1. Results, Laboratory 1 
(percent of mixture) 
T T ... '(, ... "' ........... 1 UUl\.UUYVll J.. UnknO\\712 
cubic C3A 22.18 61.41 
21.53 66.24 
20.53 62.41 
orthorhombic C3A 0.00 6.06 
2.12 4.47 
0.00 6.59 
C~ 61.88 25.12 
55.76 27.88 
68.53 24.71 
MgO 20.00 3.76 
20.47 3.88 
22.06 3.29 
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2.2 Laboratory No.7 
2.2.1 Specified Method 
Internal standard: Si (12 percent) 
Mixing method: Bleuler mill, 1.0000 g mixture, 0.1200 g Si, and 5 ml 1,1,1-trichloroe-
thane for 6 min 
Instument: computerized diffractometer (Phillips APD 3600) 
Peaks (°26) for Cu Ka: 
orthorhombic C3A: 21.0 
cubic C:>A: 21.8 
c~: 12.1 
MgO: 42.9 
Peak intensities: measured using profile fitting program QPROF 
Results: normalized to 100 percent and averaged 
Table 2-2. Results, Laboratory 7 
(percent of mixture) 
Unknown 1 Unknown 2 
cubic C3A 19.6 62.8 
19.1 65.3 
19.3 64.9 
orthorhombic C3A 3.1 7.9 
2.6 3.6 
4.7 5.7 
C~ 55.8 24.7 
56.9 27.1 
54.3 24.7 
MgO 21.5 4.6 
21.4 5.0 
21.6 4.8 
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2.3 Laboratory No. 10 
23.1 Specified Method 
Peaks (02e) for eu K~: 
ortllorhombic C3A: 20.8 
albic C3A: 21.6 
c~: 24.2 
MgO: 42.9 
Results: normalized to 100 percent and averaged 
Table 2-3. Results, Laboratory 10 
(percent of mixture) 
Unkno\VI1 1 Unkno\VI12 
cubic C3A 20.3 61.2 
22.1 
orthorhombic C3A -5.6 4.3 
-9.7 
C~ 54.1 25.1 
60.4 
MgO 20.3 3.1 
22.0 
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3. STATISTICAL ANALYSIS 
The statistical analysis was carried out according to ASTM E691. Of the original 10 par-
ticipating laboratories, one (Laboratory 3) was not included (as discussed in the previous 
report., Struble and Kanare, 1989). The analysis included one participant (Laboratory 4) 
that did DOt not provide replicate results for any phases and one participant (Laboratory 
10) that did not provide replicate results for Unknown #2. 
Each phase in each unkno\VIl 'Was treated as a separate material in the statistical analysis. 
Therefore there were 8 materials. Data from 9 laboratories were used in this analysis 
(Thble 3-1). However, one of these laboratories did not report replicate values (Labora-
tory 4h so only 8 laboratories were used for calculations of within laboratory variation 
(cell standard deviation and k-statistic). 
In the present analysis, one of the laboratories exceeded the critical value of the bet-
ween-laboratory consistency statistic (h-statistic, shown in Table 3-4 and'Fig. 3-1) for 
one phase. It was decided not to reject the data from this laboratory due to the single 
high value. likewise, a few laboratories exceeded the critical value of the 'Within-labora-
tory consistency statistic (k-statistic, shown in Table 3-4 and Fig. 3-2) , but only for one 
phase in each case 7 so no laboratory was excluded from the calibration based on the k-
statistic.. 
Results of the statistical analysis are shown in Tables 3-2 through 3-6, Figure 3-1 and 
Figure 3-2. 
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Table 3-1. QXRD Results for Statistical Analysis 
(percent of mixture) 
Labo- ora MgO or MgO cub C~ C,0F ell 
ratory C3A C:0 C3A C3A 
1 2 2 1 1 2 1 2 
1 0.00 3.76 6.06 20.00 22.18 25.12 61.88 61.41 
2.12 3.88 4.47 20.47 21.53 27.88 55.76 66.24 
0.00 3.29 6.59 22.06 20.53 24.71 68.53 62.41 
2 -1.48 3.80 17.71 19.32 20.23 28.29 53.55 66.91 
2.61 3.46 14.72 20.61 21.15 28.69 59.13 63.60 
0.36 3.52 13.32 21.34 22.44 22.33 55.69 62.82 
4 8.5 4 13 21.5 16.5 22.5 54 61.5 
5 IDA 404 10.7 19.4 19.2 26.2 55.5 63.1 
1.9 4.3 6.5 20.1 20.0 25.6 58.1 62.3 
0.0 4.3 8.4 18.8 20.3 26.4 56.6 63.9 
6 0 3 11 21 18 21 60 65 
0 3 6 18 16 22 49 56 
1 5 5 21 18 25 57 63 
7 3.1 4.6 7.9 21.5 19.6 24.7 55.8 62.8 
2.6 5.0 3.6 21.4 19.1 26.1 56.9 65.3 
4.7 4.8 5.7 21.6 19.3 24.7 54.3 64.9 
8 -0.4 5.3 12.7 20.5 22.4 25.8 59.4 61.8 
0.9 5.0 10.9 18.9 20.8 27.5 54.1 63.0 
0.8 4.8 11.7 19.7 20.8 29.2 55.9 60.0 
9 2.3 3.1 0.0 20.1 25.0 22.6 56.5 87.2 
0.0 3.9 0.0 24.9 24.3 31.6 53.4 80.3 
104 2.8 0.0 18.5 21.8 26.4 42.6 74.9 
10 -5.6 3.1 4.3 20.3 20.3 25.1 54.1 61.2 
-9.7 22.0 22.1 60.4 
aorthorhombic 
bcubic 
-
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Table 3-2. Cell Averages 
. (percent of mixture) 
Labo- o~ MgO or MgO cub C~ C¥\F ell 
ratory C:>A C~ C0 C3A 
1 2 2 1 1 2 1 2 
1 0.71 3.65 5.71 20.84 21.41 25.90 62.06 63.35 
2 0.50 3.59 15.25 20.42 21.27 26.44 56.12 64.44 
4 8.50 4.00 13.00 21.50 16.50 22.50 54.00 61.50 
5 4.08 4.35 8.53 19.45 19.83 26.05 56.73 63.09 
6 0.33 3.67 7.33 20.00 17.33 22.67 55.33 61.33 
7 3.47 4.80 5.73 21.50 19.33 25.17 55.67 64.33 
8 0.43 5.03 11.77 19.70 21.33 27.50 56.47 61.60 
9 1.23 3.27 0.00 21.17 23.70 26.87 50.83 80.80 
10 -7.65 3.10 4.30 21.15 21.20 25.10 57.25 61.20 
x.c 1.29 3.94 7.96 20.64 20.21 25.35 56.05 64.63 
-d Sx 4.29 0.67 4.75 0.78 2.23 1.74 2.96 6.20 
aorthorhombic 
bcubic 
coverall average of cell averages 
dstandard deviation of cell averages 
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Table 3-3. Cell Standard Deviations 
(percent of mixture) 
Labo- o~ MgO or MgO cub C.0F C~ ell 
ratory C0 C~ C3A C3A 
1 2 2 1 1 2 1 2 
1 1.22 0.31 1.10 1.08 0.83 1.73 6.38 2.55 
2 2.05 0.18 2.24 1.02 1.11 3.56 2.82 2.17 
5 5.58 0.07 2.11 0.65 0.56 0.39 1.30 0.80 
6 0.58 1.15 3.21 1.73 1.15 2.08 5.69 4.73 
7 1.10 0.20 2.15 0.10 0.25 0.81 1.31 1.34 
8 0.72 0.25 0.90 0.80 0.92 1.70 2.70 1.51 
9 1.16 0.57 0.00 3.33 1.68 4.52 7.30 6.17 
10 2.90 1.20 1.27 4.45 
aorthorhombic 
bcubic 
Table 3-4. Between-Laboratory Consistency Statistic Values (h-statistic) 
(percent of mixture) 
Labo- ora MgO or MgO cub C0F C.0F eu 
ratory C3A C0 C3A C3A 
1 2 2 1 1 2 1 2 
1 -0.14 -0.44 -0.47 0.27 0.54 0.31 2.03 -0.21 
2 -0.18 -0.52 1.54 -0.28 0.47 0.62 0.02 -0.03 
4 1.68 0.09 1.06 1.11 -1.66 -1.64 0.69 -0.50 
5 0.65 0.62 0.12 -1.53 -0.17 0.40 0.23 -0.25 
6 -0.22 -0.41 -0.13 -0.82 -1.29 -1.54 -0.24 -0.53 
7 0.51 1.29 -0.47 1.11 -0.39 -0.11 -0.13 -0.05 
8 -0.20 1.64 0.80 -1.21 0.50 1.23 0.14 -0.49 
9 -0.01 -1.01 -1.68 0.68 1.56 0.87 -1.76 2.61 
10 -2.08 -1.26 -0.77 . () L. L. u.uu 0.44 -0.14 nAn v."TV -0.55 
Critical value at 0.5% significance is 2.23 (ASTM E691, Table 12) 
aorthorhombie 
beubic 
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Figure 3-1. Level of h-value for each laboratory, with critical values indi-
cated by upper and lower dashed lines. 
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Table 3-5. Within-Laboratory Consistency Statistic Values (k-statistic) 
(percent of mixture) 
Labo- of'i MgO or MgO cub C0F C0F ell 
ratory C3A C0 C3A C3A 
1 2 2 1 1 2 1 2 
1 0.50 0.60 0.S7 0.70 0.79 0.69 1.41 0.77 
2 0.83 0.35 1.15 0.67 1.05 1.42 0.62 0.66 
5 2.26 0.13 1.08 0.43 0.53 0.15 0.29 0.24 
6 0.23 2.22 1.65 1.13 1.09 0.83 1.25 1.43 
7 0.45 0.38 1.11 0.07 0.24 0.32 0.29 0.41 
8 0.29 0.48 0.46 0.52 0.87 0.68 0.59 0.46 
9 0.47 1.09 0.00 2.17 1.59 1.80 1.61 1.87 
10 1.18 0~78 1.20 0.98 
Critical value at 0.5% significance is 2.06 (.ASTM E691, Table 12) 
aorthorhombic 
bcubic 
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Figure 3-2. Level of k-value for each laboratory, with the critical value indi-
ca ted by a dashed iine. 
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Table 3-6. Summary of Precision Parameters 
(percent of mixture) 
Labo- o~ MgO or MgO cub C0F C0F ell 
ratory C3A C3A C3A C:>A 
1 2 2 . 1 1 2 1 2 
s/ 2.46 0.52 1.94 1.53 1.06 2.51 4.54 3.30 
SRd 4.74 0.79 5.01 1.47 2.40 2.69 4.74 6.76 
aorthorhornbic 
bcubic 
'repeatability standard deviation 
dreproducibility standard deviation 
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